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LQVWDOODWLRQDUHQHJOHFWHG,QWKLVSDSHUWKHHDUO\UHVXOWVRIDQHZH[SHULPHQWDOFDPSDLJQUHFHQWO\VWDUWHGDWWKH'HSDUWPHQWRI
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:'1V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OHDNDJHUHODWLRQVKLS7KLVSURFHGXUHLVFUXFLDOIRUWKHLPSOHPHQWDWLRQRIK\GUDXOLFVLPXODWLRQPRGHOVZKLFKFDQEH
DEOH WR UHSURGXFH WKH UHDO IXQFWLRQLQJ RI D:'1 >@ )XUWKHUPRUH LW LV XVHIXO IRU WKH HYDOXDWLRQ RI LQWHUYHQWLRQ
VFHQDULRVEDVHGRQSUHVVXUHPDQDJHPHQWWHFKQLTXHVIRUPLWLJDWLQJWKHZDWHUORVVHV
6HYHUDOVWXGLHVKDYHEHHQFDUULHGRXWDERXWWKLVWRSLFIRFXVLQJRQERWKWKHVWUXFWXUHRIWKH³OHDNDJHODZ´DQGWKH
FDOLEUDWLRQ RI LWV SDUDPHWHUV %DVLQJ RQ WKH PRQRPLDO IRUPXODWLRQ RI WKLV UHODWLRQVKLS >@ PDQ\ DXWKRUV KDYH
LQYHVWLJDWHGWKHLQIOXHQFHRIWKHSLSHPDWHULDODQGRIWKHVKDSHDQGWKHGLPHQVLRQRIWKHFUDFNVRQWKHORVWGLVFKDUJH
DWYDU\LQJSUHVVXUH>@
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,QRUGHUWRXQGHUVWDQGWKHHIIHFWRISUHVVXUHRQWKHDUHDRIWKHOHDNGLIIHUHQWPRGHOVKDYHEHHQSURSRVHGVXFKDV
WKH)$9$')L[HGDQG9DULDEOH$UHD'LVFKDUJHHTXDWLRQ>@,QRWKHUZRUNVWKHSLSHPDWHULDOEHKDYLRUKDVEHHQ
DGGUHVVHGDQGLQSDUWLFXODUWKHYLVFRHODVWLFGHIRUPDWLRQRIWKHSLSHZDOOVLQUHVSRQVHWRSUHVVXUHYDULDWLRQV>@
+RZHYHUWKHPRVWRIWKHH[SHULPHQWVZHUHSHUIRUPHGRQSLSHVZKRVHOHDNVZHUHIUHHWRGLVFKDUJHZDWHULQWKH
DWPRVSKHUHZKLOHWKHHIIHFWVGXHWRDFWXDOFRQGLWLRQVRILQVWDOODWLRQZHUHQHJOHFWHG:KHQWKHSLSHLVEXULHGXQGHU
WKHJURXQGOHYHOWKHLQWHUDFWLRQEHWZHHQWKHOHDNDQGWKHVXUURXQGLQJVRLOPXVWEHWDNHQLQWRDFFRXQW>@
7KLVSDSHUDLPV WRSURYLGHDQHZFRQWULEXWLRQ WR WKLV WRSLFE\SUHVHQWLQJ WKHH[SHULPHQWDO LQVWDOODWLRQUHFHQWO\
UHDOL]HGLQWKH/DERUDWRU\RI+\GUDXOLFVRIWKH'HSDUWPHQWRI&LYLO(QYLURQPHQWDODQG$UFKLWHFWXUDO(QJLQHHULQJRI
WKH8QLYHUVLW\RI1DSOHV)HGHULFR,,7KHILUVWUHVXOWVRIWKHLQYHVWLJDWLRQRQDEXULHGOHDNLQJSLSHDUHSUHVHQWHGDQG
GLVFXVVHG

([SHULPHQWDOVHWXS
7KHH[SHULPHQWDOVHWXS)LJFRQVLVWVRIDPORQJ+'3(SLSHILWWHGDORQJDVWHHOLQVWUXPHQWHGSLSHOLQH
ZKRVHQRPLQDOVL]HLVPP7KHLQWHUQDOGLDPHWHUDQGWKHWKLFNQHVVRIWKH+'3(SLSHDUHRIDQGPP
UHVSHFWLYHO\
7KHSLSHOLQHLVORFDWHGDWGRZQVWUHDPRIDQDLUYHVVHOZKLFKLVDEOHWRVXVWDLQDGULYLQJSUHVVXUHIURPXSWR
EDUDSSUR[LPDWHO\,QRUGHUWRPDLQWDLQVWDEOHFRQGLWLRQVRIVXSSO\LQJWKHIORZLVFRQYH\HGLQWRWKHH[SHULPHQWDO
SLSHWKURXJKDVWHHOSLSHZLWKPPGLDPHWHU$VKXWRIIYDOYHORFDWHGDWLWVGRZQVWUHDPHQGFDQEHXVHGWRLVRODWH
WKHH[SHULPHQWDOSLSHIURPWKHDLUYHVVHO
,Q³VWDWLF´WHVWVWKHVKXWRIIYDOYHLVDOVRXVHGIRUWKHUHJXODWLRQRIWKHXSVWUHDPSUHVVXUHE\LQGXFLQJDPLQRUKHDG
ORVVZKLOHQRGLVFKDUJHIORZVLQWRWKHSLSH&RQYHUVHO\LQ³G\QDPLF´WHVWVWKHSUHVVXUHLVFRQWUROOHGE\UHJXODWLQJ
WKHRSHQLQJGHJUHHRIDIORZFRQWUROYDOYHILWWHGDWWKHGRZQVWUHDPHQGRIWKHZKROHSLSHOLQH7KHGLVFKDUJHFDQEH
YDULHGLQWKHUDQJHEHWZHHQDQGOSVDQGLWLVUHFLUFXODWHGE\DSXPSLQJV\VWHP


)LJ/D\RXWRIWKHH[SHULPHQWDOVHWXS
7KH+'3(VHFWLRQRIWKHSLSHOLQHLVDFFRPPRGDWHGLQWRDVORSLQJER[RI3HUVSH[PORQJPZLGHDQG
PKLJK)LJ$GUDLQDJHOD\HUFRQVLVWLQJRIJUDYHOLVSODFHGDWWKHERWWRPRIWKHER[ZLWKWKLFNQHVVYDULDEOHIURP
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WRFP7KHUHPDLQLQJYROXPHRIWKHER[LVILOOHGZLWKVLOW\VDQGDYROFDQLFVRLOYHU\W\SLFDOLQ&DPSDQLDDUHJLRQ
LQWKH6RXWKRI,WDO\>@7KHFRQWDPLQDWLRQRIWKHXQGHUO\LQJILOWHULVDYRLGHGE\DVLQJOHOD\HURIJHRWH[WLOH
7KHVRLOVDPSOHVXWLOL]HGIRUWKHWHVWVDUHUHFRYHUHGDWWKHWHVWVLWHORFDWHGLQ&DPSDQLD5HJLRQ7KHPHFKDQLFDODQG
K\GUDXOLFEHKDYLRXURI WKHVH VRLOFDQEH LQYHVWLJDWHG LQERWKXQVDWXUDWHGDQGVDWXUDWHGFRQGLWLRQV>@7KH
JUDLQVL]HGLVWULEXWLRQRIWKHVRLOH[KLELWVOLPLWHGVFDWWHUWKHVRLOLVZHOOJUDGHGUDQJLQJIURPVDQGWRVLOWZLWKDVPDOO
FOD\IUDFWLRQ$VUHJDUGVWKHZDWHUUHWHQWLRQSURSHUWLHVWKHVRLOEHKDYHVOLNHFRDUVHJUDLQHGPDWHULDOLWKDVDQDLUHQWU\
YDOXHRIDERXWN3DDQGVWDUWLQJIURPVDWXUDWHGFRQGLWLRQVLWEHFRPHVDOPRVWGU\ZKHQWKHDSSOLHGPDWULFVXFWLRQ
UHDFKHVDERXWN3D
7KHZDWHUOHDNDJHLVVLPXODWHGWKURXJKDPPFLUFXODUKROHORFDWHGLQWKHPLGGOHRIWKH+'3(SLSHDQGGLUHFWO\
PDGH LQ LWV ZDOO 7KH RXWIORZ GLVFKDUJH LV FDOFXODWHG DV WKH GLIIHUHQFH EHWZHHQ WKH PHDVXUHPHQWV RI WZR
HOHFWURPDJQHWLFIORZPHWHUVILWWHGDWXSVWUHDPDQGGRZQVWUHDPRIWKHSLSH7KHSUHVVXUHLVPRQLWRUHGE\WZRSUHVVXUH
WUDQVGXFHUVZLWKEDUUDQJHRIPHDVXUHPHQWZKLFKDUHERWKSODFHGQH[WWRWKHIORZPHWHUV$OOWKHVLJQDOVDUH
FRQWLQXRXVO\UHFRUGHGE\DGDWDDFTXLVLWLRQV\VWHPZLWKDVDPSOLQJIUHTXHQF\RI+]
7KHVRLOPRLVWXUHLVDOVRPHDVXUHGWKURXJKWKHXVHRIIRXUWHQVLRPHWHUVPRGHO)6RLOPRLVWXUH
:LWKWKHDLPRIUHSURGXFLQJPRUHUHDOLVWLFFRQGLWLRQVRILQVWDOODWLRQWKHSLSHDQGWKHVXUURXQGLQJVRLODUHORDGHG
ZLWKDZHLJKWRIDSSUR[LPDWHO\17KHORDGLVGLVWULEXWHGRQDZRRGHQEHQFKRIWKHVDPHZLGWKRIWKH3HUVSH[
ER[DQGPORQJWKXVFRUUHVSRQGLQJWRDVWUHVVRIDERXW1PDQGWRDEXULDORIWKHSLSHRIDSSUR[LPDWHO\
P7KLVLVDOVRXVHIXOIRUSUHYHQWLQJDQHDUO\DQGXQUHDOLVWLFVRLOSLSLQJGXHWRWKHVLJQLILFDQWDPRXQWRIZDWHU
GLVFKDUJHGLQWRWKHER[E\WKHVLPXODWHGOHDNDJH


)LJ3DUWLFXODURIWKH3HUVSH[ER[ILOOHGZLWKVRLO
3UHOLPLQDU\UHVXOWV
$VHWRISUHOLPLQDU\WHVWVZDVSHUIRUPHGWRYHULI\WKHIXQFWLRQDOLW\RIWKHH[SHULPHQWDOVHWXSDQGWRSURFHHGWRD
ILUVWLQYHVWLJDWLRQRIWKHSKHQRPHQRQ,QRUGHUWRSURFHHGLQVDIHFRQGLWLRQVWKHSUHVVXUHZDVRQO\YDULHGLQWKHUDQJH
EDUZKLOHWKHPD[LPXPGLVFKDUJHLQWKHSLSHGXULQJG\QDPLFWHVWVZDVOLPLWHGWROSV
$QH[DPSOHRIWHVWLVUHSRUWHGLQ)LJZKLFKVKRZVWKHSUHVVXUHUHFRUGHGDWWKHXSVWUHDPWUDQVGXFHUDQGWKH
PHDVXUHPHQWVRIERWKWKHIORZPHWHUVIRUDWHVWZLWKRYHUDOOGXUDWLRQRIVHFRQGV7KHWUHQGRIWKHFDOFXODWHGORVW
GLVFKDUJHLVDOVRUHSUHVHQWHGWKXVVKRZLQJDJRRGDFFRUGDQFHZLWKWKHPHDVXUHGSDUDPHWHUV
7KHPDLQRXWFRPHVREVHUYHGGXULQJWKHH[HFXWLRQRIWKHWHVWVFDQEHVXPPDUL]HGDVIROORZV$VH[SHFWHGDTXLFN
H[FDYDWLRQRIWKHVRLOLQSUR[LPLW\RIWKHOHDNDJHZDVGHWHFWHGZKRVHPDJQLWXGHDQGYHORFLW\VLJQLILFDQWO\LQFUHDVHG
ZLWKWKHGULYLQJSUHVVXUH
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

)LJ7LPHVVHULHVIRUSUHVVXUHDQGGLVFKDUJHVGXULQJDG\QDPLFWHVW
+RZHYHU WKH HYROXWLRQ RI WKLV SKHQRPHQRQ ZDV SDUWLFXODUO\ LQIOXHQFHG DOVR E\ WKH GLVFKDUJH LQ WKH SLSH ,Q
SDUWLFXODUZKLOHWKHPD[LPXPGHSWKRIWKHSURILOHRIH[FDYDWLRQZDVPDLQO\UXOHGE\WKHYDOXHRIWKHSUHVVXUHLWV
VKDSHZDVEDVLFDOO\GXHWRWKHGLUHFWLRQRIWKHMHWIORZLQJRXWIURPWKHVLPXODWHGOHDNDJH,QGHHGWKHDQJOHEHWZHHQ
WKHMHWDQGWKHSLSHZDOOLQWKHGLUHFWLRQRIWKHIORZLQWKHSLSHVLJQLILFDQWO\UHGXFHGZKHQWKHGLVFKDUJHLQFUHDVHG
&RQVHTXHQWO\WKHSURILOHRIH[FDYDWLRQDOZD\VSUHVHQWHGDQDV\PPHWULFVKDSHPRVWO\HORQJDWHGDWGRZQVWUHDPRI
WKHOHDNDJH)LJ

 
)LJ3URILOHRIH[FDYDWLRQREVHUYHGDWWKHHQGRIWKHWHVW
)XUWKHUPRUHDQXQH[SHFWHGHIIHFWLQWKHGUDLQDJHRIWKHOHDNHGZDWHUZDVGHWHFWHGZKLFKZDVSUREDEO\GXHWRWKH
SDUWLFXODUOD\RXWRIWKHH[SHULPHQWDOVHWXS,QVWHDGRIOHDFKLQJWRZDUGVWKHJUDYHOOD\HURQWKHERWWRPRIWKH3HUVSH[
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ER[WKHZDWHUZDVDOZD\VREVHUYHGWRTXLFNO\HPHUJHRQWKHWRSDQGWKHQWRVWDUWDUXQRIIRQWKHVRLOVXUIDFH7KLV
FRXOGEHH[SODLQHGE\ WKHDEVHQFHRIDQDGHTXDWHFRYHULQJRIWKHSLSHHYHQWKRXJKWKHFRUUHVSRQGLQJVWUHVVZDV
UHSURGXFHGWKURXJKWKHDSSOLHGORDGWKHGUDLQDJHSDWKVGLUHFWHGXSZDUGZHUHVWLOOWKRVHZLWKWKHOHDVWUHVLVWDQFH
$VUHJDUGVWKHK\GUDXOLFEHKDYLRUQRSDUWLFXODUGLIIHUHQFHVZHUHREVHUYHGZLWKUHIHUHQFHWRWKHWHVWVRQQRQEXULHG
SLSHV 7KH DERYH GHVFULEHG SKHQRPHQD SUREDEO\ GHWHUPLQHG D QHJOLJLEOH SUHVHQFH RI ZDWHU LQ WKH DUHD QHDU WKH
OHDNDJHWKXVUHSURGXFLQJWKHERXQGDU\FRQGLWLRQVRIIUHHRXWIORZLQDLU
,QRUGHUWRSURYLGHPRUHHYLGHQFHDERXWWKLVFLUFXPVWDQFHWKHUHFRUGHGPHDVXUHPHQWVZHUHXVHGIRUWKHFDOLEUDWLRQ
RIWKHOHDNDJHODZLQWZRGLIIHUHQWIRUPXODWLRQV7KHILUVWRQHLVWKHFODVVLFDOH[SRQHQWLDOUHODWLRQVKLSSURSRVHGE\
/DPEHUW>@
4 3ED   
LQZKLFK4LVWKHOHDNHGGLVFKDUJHLQOLWHUVSHUVHFRQG3LVWKHSUHVVXUHLQEDUĮLVWKHGLVFKDUJHFRHIILFLHQWDQG
ȕLVWKHHPLWWHUH[SRQHQW
7KHVHFRQGH[SUHVVLRQLVWKDWLQWURGXFHGE\'H3DRODHWDO>@ZKLFKWDNHVLQWRDFFRXQWWKHHODVWLFGHIRUPDWLRQ
LQGXFHGE\WKHSUHVVXUHRQWKHSLSHZDOO

 
GT J K $K %KQ Q QSP  ª º    ¬ ¼   
ZKHUHTLVWKHGLVFKDUJHLQFXELFPHWHUVSHUVHFRQGKLVWKHSUHVVXUHLQPHWHUVGLVWKHGLDPHWHURIWKHKROH$DQG
%DUHFRHIILFLHQWVGHSHQGLQJRQWKHJHRPHWU\DQGWKHPDWHULDORIWKHSLSHDQGȝDQGȞDUHWKHSDUDPHWHUVWKDWPXVWEH
FDOLEUDWHG
7DEOHVKRZVWKHUHVXOWVRIWKHFDOLEUDWLRQVIRUDVHWRIWHVWVSHUIRUPHGRQWKHVDPH+'3(SLSHEHIRUHDQGDIWHU
WKH ILOOLQJRI WKH3HUVSH[ER[7KHH[SHULPHQWVZHUHFDUULHGRXW LQ WKHVDPHFRQGLWLRQVEXW WKH\DUHQRWHQWLUHO\
SUHVHQWHGKHUH IRU WKH VDNHRIEUHYLW\7KHYHU\ VOLJKWGLIIHUHQFHV LQ WKHFDOLEUDWHGSDUDPHWHUVFRQILUP WKHDERYH
PHQWLRQHGDVVXPSWLRQZLWKUHIHUHQFHWRWKHK\GUDXOLFSKHQRPHQRQ
7DEOH5HVXOWVRIWKHFDOLEUDWLRQRIWKHOHDNDJHODZ
7HVW,' 7\SH Į ȕ ȝ Ȟ
 1RQEXULHGSLSH    
 1RQEXULHGSLSH    
 1RQEXULHGSLSH    
 %XULHGSLSH    
&RQFOXVLRQV
$QHZH[SHULPHQWDOLQVWDOODWLRQLVLQWURGXFHGZLWKWKHDLPRILQYHVWLJDWLQJWKHEHKDYLRURIDOHDNLQJSLSHLQUHDOLVWLF
FRQGLWLRQVRILQVWDOODWLRQ,QSDUWLFXODUWKHLQWHUDFWLRQRIWKHOHDNZLWKWKHVXUURXQGLQJVRLOLVDGGUHVVHGLQWKLVSDSHU
7KHUHVXOWVRIWKHSUHOLPLQDU\WHVWVSHUIRUPHGRQD+'3(SLSHDUHXVHIXOIRUDQLPSURYHGXQGHUVWDQGLQJRIWKH
SK\VLFDOSKHQRPHQDJHQHUDWHGE\WKHZDWHUGLVFKDUJHGIURPWKHOHDNLQWRWKHHPEHGGLQJVRLO7KHPRVWLQWHUHVWLQJ
DVSHFWVDUHWKRVHUHODWHGWRWKHVKDSHDQGWKHVL]HRIWKHSURILOHRIH[FDYDWLRQZKLFKDUHSDUWLFXODUO\LQIOXHQFHGE\
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